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ABSTRACT 


The  primary  objectives  of  this  Indirect  Bomb  Damage  Assessment  (IBDA)  experiment 
were  to  incorporate  results  of  Operation  Redwing  into  an  operational-type  short-baseline 
Narol  system  and  to  study  the  reliability  and  accuracy  of  the  system  as  a  function  of  yield, 
range,  type  of  propagation  paths,  and  lightning-transient  interference. 

Narol  nets,  each  consisting  of  two  unmanned  slave  stations  and  one  manned  master 
station,  were  established  at  Albuquerque,  New  Mexico,  Vale,  Oregon,  and  Rapid  City, 
South  Dakota.  Forty-three  lines  of  position  (from  a  possible  49)  were  obtained  having 
average  errors  of  0.5  nautical  miles  for  the  Albuquerque  net,  0.4  nautical  miles  for  the 
Vale  net,  and  0.8  nautical  miles  for  the  Rapid  City  net.  These  lines  of  position  gave  fixes 
having  an  average  error  of  0.8  nautical  miles.  In  general,  the  times  of  detonation  were 
measured  with  an  error  of  less  than  10  milliseconds. 

Lightning  transient  data  were  recorded  and  analyzed  throughout  the  test  series  at 
various  times  of  the  day.  In  general,  it  was  found  that  there  were  no  consistent  patterns 
peculiar  to  the  waveforms,  field  strengths,  or  pulse  durations  of  these  transients  that 
would  distinguish  them  from  the  electromagnetic  pulse  of  a  nuclear  detonation. 

To  speed  data  reduction  and  analysis,  an  area-gating  system  was  tested.  With  this 
system,  the  film  records  of  electromagnetic  transients  originating  within  a  10-mile  ra¬ 
dius  of  the  detonation  were  marked  electronically,  thereby  reducing  the  amount  of  data 
that  had  to  be  analyzed. 

The  area-gating  system  was  tried  on  six  shots.  On  each,  data  were  collected  for 
about  one-half  hour,  and  the  area-gating  system  correctly  marked  the  record  for  con¬ 
current  identification  and  analysis.  With  the  record  so  marked,  operators  were  able  to 
select  the  correct  pulse,  analyze  it,  and  report  the  fix  and  detonation  time  in  less  than 
fifteen  minutes. 


FOREWORD 


This  report  presents  the  preliminary  results  of  one  of  the  43  projects  comprising  the 
Military  Effects  Program  of  Operation  Plumbbob,  which  included  28  test  detonations  at 
the  Nevada  Test  Site  in  1957. 

For  overall  Plumbbob  military-effects  information,  the  reader  is  referred  to  the 
“Summary  Report  of  the  Director,  DOD  Test  Group  (Programs  1—9),”  ITR  — 1445,  which 
includes:  (1)  a  description  of  each  detonation,  including  yield,  zero-point  location  and 
environment,  type  of  device,  ambient  atmospheric  conditions,  etc. ;  (2)  a  discussion  of 
project  results;  (3)  a  summary  of  the  objectives  and  results  of  each  project;  and  (4)  a 
listing  of  project  reports  for  the  Military  Effects  Program. 


PREFACE 


A  large  part  of  the  data  analysis  included  in  this  report  was  accomplished  by  Mr.  Harry 
Hoogasian  of  the  Raytheon  Manufacturing  Company. 
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Chapter  I 

INTRODUCTION 

1.1  OBJECTIVE 

The  overall  objective  of  the  Air  Force  Cambridge  Research  Center  s  (AFCRC)  Narol 
IBDA  program  is  to  study  the  feasibility  of  using  the  electromagnetic  signals  radiated 
from  a  nuclear  detonation  to  determine  its  ground-zero  position  and  yield  at  locations  of 
200  to  5,000  miles  from  the  source. 

On  Operation  Plumbbob,  the  specific  objective  was  to  determine  the  accuracy  and  re¬ 
liability  of  a  Narol  system  as  a  function  of  range.  In  addition,  it  was  desired  to  investigate 
methods  of  isolating  the  electromagnetic  pulse  of  a  nuclear  detonation  from  lightning  tran¬ 
sients  and  to  collect  data  on  the  nature  of  bomb  pulse  distortion  resulting  from  overland 
propagation. 

1.2  BACKGROUND 

During  Operation  Buster- Jangle,  it  was  discovered  that  electromagnetic  energy  is 
radiated  from  a  nuclear  detonation.  Measurements  of  this  radiation  were  made  in  subse¬ 
quent  tests  by  the  National  Bureau  of  Standardstfor  AFOAT-ljand  by  AFCRC  (References 
1,  2,  and  3). 

To  fulfill  the  Air  Force  IBDA  requirements  set  forth  in  the  ARDC  Operational  Re¬ 
quirement  Number  59,  “Atomic  Strike  Recording  System,”  dated  18  April  1955,  AFCRC 
implemented  the  Narol  IBDA  program  and  conducted  field  tests  during  Operations  Teapot, 
Redwing,  and  Plumbbob.  The  overall  mission  of  this  program  was  to  develop  a  system 
that  would  rapidly  detect  and  locate  atomic  strikes  on  a  global  basis.  After  development, 
the  Atomic  Strike  Recording  System  could  be  employed  to  detect  and  locate  nuclear  deto¬ 
nations  in  U.  S.  military  operations  against  enemy  nations.  In  addition,  the  system  or  a 
part  thereof  could  be  utilized  to  determine  the  location  of  enemy  atomic  strikes  and  to 
estimate  damage  to  areas  within  the  zone  of  interior  or  friendly  territories. 

The  selection  of  the  Narol  (inverse  Loran)  direction-finding  technique  to  meet  this 
requirement  led  to  three  areas  of  investigation:  (1)  the  potential  resolution  of  ground- 
zero  fixes  using  the  electromagnetic  bomb  pulse;  (2)  the  isolation  of  the  bomb  pulse  from 
lightning-transient  static;  and  (3)  the  feasibility  of  developing  operational  equipment  ca¬ 
pable  of  giving  useful  fix  resolutions  within  the  30-minute  reporting  time  established  by 
the  ARDC  Operational  Requirement  Number  59. 

During  Operation  Teapot,  a  propagation  experiment  was  conducted  to  determine 
whether  inverse-Loran  potential  fix  resolutions  were  sufficiently  accurate  to  warrant 
further  development  of  a  Narol  system.  The  pulse- cycle-matching  technique  was  used 
successfully  to  measure  time-of-arrival  differences  with  microsecond  resolution,  and 
fixes  were  obtained  for  each  event  with  suitable  accuracy  for  an  operational  system. 

A  short-baseline  Narol  system  was  then  designed  and  tested  for  fix  resolution  and 
operational  feasibility  during  Redwing.  Useful  lines  of  position  were  obtained  with  this 
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system  at  ranges  of  2,000  and  4,000  miles.  After  each  shot  participation,  the  lines  of 
position  and  detonation  time  were  reported  to  the  Program  Director  within  a  half  hour, 
but  alerts  giving  the  exact  predicted  shot  times  were  required  to  isolate  the  bomb  pulse 
from  atmospheric  noise.  .  ^ 


1.3  THEORY 

As  a  means  of  determining  navigational  fixes,  the  theory  of  relative  time  of  arrival 
of  electromagnetic  pulses  has  been  developed  thoroughly  for  the  use  of  standard  Loran 
(see  Reference  6).  Narol,  an  inverse  Loran  system,  operates  on  the  theory  that  the  veloc¬ 
ity  of  electromagnetic  propagation  is  essentially  constant  and  that  the  difference  in  prop¬ 
agation  time  of  the  bomb  pulse  from  its  origin  over  two  paths  is  a  measure  of  the  differ¬ 
ence  in  length  of  the  two  paths.  The  time  interval  from  the  arrival  of  the  pulse  at  one 
receiver  to  its  arrival  at  another  receiver  is  a  measure  of  the  amount  by  which  the  deto¬ 
nation  range  from  the  latter  receiver  exceeds  the  range  from  the  former.  This  differ¬ 
ence  in  range  is  precisely  the  constant  that  defines  a  hyperbola  with  respect  to  the  two 
receivers.  Therefore,  the  time  interval  between  reception  of  the  bomb  pulse  at  two  re¬ 
ceiving  stations  locates  the  detonation  point  upon  a  hyperbolic  line  of  position  that  passes 
between  the  receivers  and  is  concave  towards  the  receiver  nearest  the  detonation  point. 

The  intersection  of  two  such  hyperbolic  lines  of  position  determines  the  point  of  detona¬ 
tion  (Narol-fix).  "  - 

Measurement  of  the  time  interval  between  reception  of  the  bomb  pulse  at  the  two  re¬ 
ceivers  (relative  time  of  arrival)  requires  comparing  the  time  of  arrival  of  the  pulse  at 
each  receiver  with  a  relative  time  reference  synchronized  to  a  timing  system  that  gives 
the  desired  accuracy  of  resolution.  Two  methods  of  accomplishing  the  measurement  are 
(1)  retransmission  of  the  bomb  pulse  from  the  two  receiving  stations  to  a  central  master 
station  where  the  measurement  is  made  by  taking  into  account  the  equipment  and  propaga¬ 
tion  time  delays,  and  (2)  transmission  of  a  time  reference  to  the  receiving  stations  where 
independent  measurements  are  made  and  then  compared,  taking  into  account  the  equipment 
and  propagation  time  delays.  Use  of  the  first  method  requires  a  wide-band  line-of-sight 
microwave  system  which  consequently  limits  the  length  of  the  baseline  between  the  re¬ 
ceiver  stations.  The  second  method  permits  use  of  none-line-of- sight  long  baselines,  but 
requires  a  more-complicated  operative  process  to  accomplish  the  data  analysis. 

Figures  1.1  and  1.2  illustrate  possible  geometries  for  short-  and  long-baseline  Narol 
systems.  At  each  three- station  net  in  the  short-baseline  system,  the  bomb  pulse  is  re¬ 
ceived  at  the  slave  stations  and  retransmitted  to  the  master  station  for  time-of-arrival 
analysis  to  obtain  a  line  of  position.  In  the  long-baseline  system,  time-of-arrival  anal¬ 
ysis  is  done  at  each  receiving  station  with  respect  to  the  time  reference,  and  the  data 
are  compared  to  get  the  time  difference  required  to  establish  the  lines  of  position. 

The  performance  characteristics  of  an  operational  Narol  system  depend  on  (1)  anom¬ 
alies —  which  determine  the  potential  ground-zero  fix  resolution — in  the  physical  phenom¬ 
ena  governing  the  creation  and  propagation  of  the  pulse  to  the  various  receivers,  (2)  the 
ability  to  identify  and  isolate  the  bomb  pulse  from  lightning  transients,  (3)  the  ability  of 
the  equipment  to  measure  the  difference  in  pulse  time  of  arrival  with  accurate  time  reso¬ 
lution,  and  (4)  limitations  placed  on  the  equipment  as  a  result  of  established  criteria  for 
reliability,  maintenance,  and  operating  personnel. 


1.3.1  Potential  Ground- Zero- Fix  Resolution,  The  Narol-fix  error  is  a  function  of 
the  individual  hyperbolic  line-of-position  (LOP)  errors  and  the  angle  of  intersection  of 
the  lines  of  position  (LOP  angle).  If  it  is  assumed  that  maximum  LOP  errors  are  the 


Figure  1.1  Short-baseline  Narol  geometry. 

M,  master  station;  S,  slave  station;  T,  possible  target. 


T 


Figure  1.2  Long-baseline  geometry. 

R,  receiving  stations;  T,  possible  target. 


same  for  any  two  LOP’ s,  that  the  LOP’ s  are  straight  lines  over  a  small  area  in  the 
vicinity  of  the  target,  and  that  the  LOP  angle  is  less  than  90  degrees,  then  (from  Figure 
1.3)  the  maximum  Narol-fix  error  =  (Max  LOP  error)  +  (sin  *4  LOP  angle).  Thus,  it  is 


possible  to  select  the  two  slave  sites  of  a  short-baseline  Narol  system  to  have  LOP  angles 
approximating  90  degrees  and  obtain  minimum  Narol-fix  errors. 

The  LOP  errors  are  a  function  of  the  distance  between  receivers  (baseline),  the 
angle  between  the  baseline  and  a  line  to  the  target,  and  the  errors  in  measuring  relative 
time  of  arrival.  The  errors  in  measuring  relative  time  of  arrival  result  from  propaga¬ 
tion  anomalies  along  the  various  paths  from  the  detonation  to  the  receiving  stations,  hu¬ 
man  errors,  and  instrumentation  errors. 

1.3.2  Propagation  Errors.  Propagation  errors  are  those  resulting  from  the  anom¬ 
alies  in  electromagnetic-propagation  phenomena  that  system  geometry  may  minimize  but 
equipment  improvement  cannot  correct.  The  frequency  composition  of  a  bomb  pulse 
covers  a  wide  range,  and  its  peak  field  strength  varies  with  distance,  as  illustrated  in 
Figure  1.4.  Furthermore,  the  pulse,  when  received  at  a  distance  from  its  source,  is 
comprised  of  a  ground  wave  mixed  with  several  sky-wave  modes  of  propagation.  The 
variation  with  distance  of  field  strength  and  phase  relation  of  the  various  frequency  com¬ 
ponents,  and  the  presence  or  absence  of  the  different  propagation  modes  cause  the  shape 
of  the  wave  to  vary  with  distance,  as  illustrated  in  Figure  1.5.  Because  the  character  of 
the  pulse  is  sufficiently  dissimilar  at  various  ranges,  it  is  impossible  to  match  individual 
cycles  and  quite  difficult  to  match  the  envelope  unless  the  receiving  stations  are  at  approx¬ 
imately  the  same  distance  from  the  detonation  point. 

If  the  receiving  stations  are  at  the  same  distance  from  the  detonation,  there  are 
minor  variations  in  the  recorded  wave  forms  caused  by  variations  in  propagation  velocity 
and  frequency- component  degradations  along  the  paths  from  the  detonation  point  to  the 
receivers.  Some  distortion  also  results  because  the  propagation-path  lengths  for  the  sty- 
wave  modes  vaiy  with  variances  in  the  height  of  the  ionosphere  at  points  of  incidence. 

Waveform  time-of-arrival  analysis  of  one  type  or  another  is  required  for  any  Narol 
fix.  Since  the  duration  of  the  ground-wave  pulse  is  about  60  microseconds  anH  since 
fractional-microsecond  relative  time-of-arrival  resolution  is  required,  the  received 
signals  must  have  close-to-identical  frequency  components  for  accurate  analysis.  In 
practice,  this  has  required  filters  with  a  bandpass  from  5  to  100  kc.  Operationally  such 
a  bandwidth  is  feasible  in  the  presence  of  normal  background  noise  if  the  field  strength 
of  the  bomb  pulse  is  at  least  0.25  volts/meter  (center  to  peak)  at  the  receiver  sites. 

In  general,  errors  due  to  differences  in  range  and  propagation  paths  decrease  as  the 
paths  become  more  nearly  identical.  This  condition  is  approached  as  the  Narol  baseline 
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length  decreases*  Therefore,  the  propagation  errors  will  be  smaller  on  a  short-baseline 
Narol  system  than  on  a  long-baseline  system. 


1.3.3  Time-Sync  Errors.  Time-sync  errors  are  defined  as  the  errors  in  measuring 
relative  time  of  arrival  not  attributable  to  propagation  irregularities  of  the  pulse  from  the 
detonation  point  to  the  receivers.  Time- sync  errors  consist  of  the  human  and  instrumenta¬ 
tion  errors.  The  accuracy  with  which  two  pulses  can  be  compared  by  envelope  matching 


Figure  1.4  Field  strength  versus  distance  for  1-kt  and  1-mt  detonations. 
Curves  are  empirical  and  are  based  on  correlation  of  field  data  with  theo¬ 
retical  attenuation  curves  presented  by  Wait  and  Campbell  in  Reference  6~*A/ 


for  relative  time-of-arrival  analysis  does  not,  in  general,  vary  except  with  pulse  length. 

If  the  recorded  waveforms  have  their  amplitudes  equal  and  the  envelopes  are  superimposed 
visually,  and  if  the  signal-to-noise  ratio  is  good,  the  error  in  the  time-difference  meas¬ 
urement  is  usually  about  1  percent  of  the  pulse  length  for  standard  Loran.  This  accuracy 
can  be  realized  in  practice  with  Loran  because  the  two  signals  to  be  compared  pass  through 
the  same  receiving  networks  and  encounter  exactly  the  same  artificial  delays  and  distor- 
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tions;  the  measured  time  difference  is  therefore  not  affected  by  the  circuit  parameters, 
except  to  the  extent  that  the  pulses  are  lengthened  beyond  their  actual  duration. 

In  the  Narol  system,  where  the  two  signals  to  be  compared  pass  through  different  re¬ 
ceiving  networks,  circuit  parameters  must  be  precisely  identical  or  the  network  must  be 
very  carefully  adjusted  and  calibrated  to  reduce  the  measurement  errors.  Thus,  the 
maximum  accuracy  that  could  be  expected  in  a  Narol  system  should  be  less  than  that  of 
Loran.  Since  the  overall  bomb-pulse  length  is  usually  from  30  to  80  microseconds  at  its 


Time,  Microseconds  (All  Waveforms) 

Figure  1.5  ^Waveforms  resulting  from  a  15-kt  weapon  at  various 
distances^  Waveforms  above  show  the  distortion  of  a  typical  bomb 
s.  pulse  by'us  propagation  medium  as  it  moves  away  from  the  bomb- 

source  and  about  500  microseconds  at  5,000  miles  from  the  source,  the  maximum  Narol 
relative  time-of-arrival  resolution  to  be  expected  from  an  envelope- matching  technique 
is  0.3  microsecond  at  the  source  and  5  microseconds  at  5,000  miles.  In  practice,  if  the 
two  receivers  are  about  the  same  distance  from  the  source,  variances  in  the  forms  of  the 
received  signals  caused  by  receiving  and  transmitting  with  two  sets  of  equipment  increase 
the  errors  by  a  factor  of  from  two  to  ten. 

To  increase  the  precision  of  relative  time-of-arrival  measurements  in  the  short- 
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Rate,  Counts  /  Sec 


Figure  1.6  Hate  of  atmospheric  transients  versus  field  strength. 
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baseline  system,  a  cycle-matching  technique  is  preferable  to  envelope  matching.  With 
this  technique,  the  recorded  signals  from  the  two  slave  stations  are  matched  by  super¬ 
imposing  respective  oscillations  of  the  signals.  Since  the  Loran  error  in  the  time 
difference  measurement  by  this  technique  is  also  about  1  percent  of  the  length  of  the 
matched  portions  of  the  pulse,  relative  time-of-arrival  resolution  to  an  ultimate  accuracy 
of  about  0.2  microsecond  is  the  best  to  be  expected  of  a  Narol  system  by  matching  half 
cycles  of  20-microsecond  duration.  Difficulty  can  be  experienced  in  determining  with 
certainty  the  proper  portions  of  the  two  recorded  signals  to  match.  However,  with  short- 
baseline  systems,  irregularities  caused  by  mixing  of  the  various  sky-wave  modes  of  prop¬ 
agation  give  character  to  the  pulse,  which  in  turn  assists  in  the  selection  of  the  proper 
cycles  to  match. 

Instrumentation  errors  in  the  short-baseline  system  are  introduced  by  variable  equip¬ 
ment  delays  and  variable  microwave  propagation  velocities  from  the  slave  stations  to  the 


TABLE  1.1  LIGHTNING- TRANSIENT  INTERFERENCE  RATE 


Distance  from  bomb  to 
receiving  stations 

Number  of  lightning  transients 
with  field  strength  equal  to  a 

50-kt  (air-burst)  detonation 

naut  mi 

300 

1/rruo 

600 

l/sec 

1,500 

5  to  10/sec 

2,000 

50  to  100/sec 

central  master  station.  Since  all  predictable  delays  can  be  calibrated  out  of  the  system 
the  instrumentation  errors  are  determined  by  measuring  the  unpredictable  variations  of 
the  round-trip  relative  time  of  arrival  of  simulated  bomb  pulses  generated  at  the  master 
station.  The  instrumentation  error  of  the  short-baseline  Narol  system  used  in  this  test 

was  ±0.2  microsecond.  . 

The  time-sync  error  of  the  short-baseline  Narol  system,  including  analysis  and  in¬ 
strumentation  errors,  was  ±0.4  microsecond;  the  baseline  was  about  500  microseconds 
(100  miles).  Therefore,  the  angular  resolution  of  the  lines  of  position  was  ±  0.0008  radian 
from  the  true  line  of  position. 

1.3.4  Pulse  Isolation.  The  greatest  uncertainty  in  the  development  of  a  practical 
Narol  IBDA  system  is  the  identification  of  the  signals  received  at  the  receiver  sites  as 
being  the  bomb  pulse.  Figure  1.6  shows  the  rate  of  lightning-transient  arrivals  as  a 
function  of  field  strength  with  data  taken  in  the  southwestern  United  States.  The  arrival 
rates  at  times  of  maximum  thunderstorm  activity  of  lightning  transients  having  field 
strengths  equal  to  or  greater  than  a  50-kt  air  burst  at  certain  assumed  ranges  are  listed 
in  Table  1.1.  Although  these  data  may  vary  widely  with  location  and  weather  conditions, 
they  do  indicate  the  formidable  problem  that  exists  in  distinguishing  a  bomb  pulse  from 

lightning.  .  ,  ,  -  ,  f 

In  standard  Loran,  the  repetition  frequency  of  the  transmitted  pulses  is  used  for 

pulse  identification.  With  a  Narol  system,  which  operates  on  a  single  pulse,  it  is 
possible  to  match  a  bomb  pulse  from  one  receiver  with  a  lightning  transient  from  the 
other  unless  some  means  is  provided  to  distinguish  between  them.  When  a  short-baseline 
system  is  used,  there  is  enough  character  in  the  recorded  bomb-pulse  signals  to  permit 
a  match  with  high  reliability  by  the  operators.  However,  where  the  probability  of  a  sig¬ 
nificant  number  of  lightning  transients  originating  in  the  area  of  surveillance  is  great, 
some  means  should  be  provided  in  the  Narol  system  to  electronically  discriminate  against 
the  lightning  or  to  assist  the  operators  in  rapidly  selecting  the  correct  data  for  analysis. 
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Chapter  2 

PROCEDURE 


2.1  OPERATIONS 

The  Narol  geometry  tested  on  this  operation  was  a  compromise  between  a  500-mile 
and  an  800-mile  system.  Two  nets  at  about  500  miles  from  the  Nevada  Test  Site  (NTS) 
were  located  at  Albuquerque,  New  Mexico,  and  Vale,  Oregon,  and  one  at  about  850  miles 
was  located  at  Rapid  City,  South  Dakota.  Line-of-position  angles  approximating  90  de¬ 
grees  were  obtained  with  the  two  500-mile  nets.  Table  2.1  presents  information  con¬ 
cerning  the  field  sites  established,  and  Figure  2.1  illustrates  the  relative  disposition  of 
the  nets. 

In  an  operational  system,  three  nets  are  desirable  to  detect  errors  in  recording  or 
analysis  at  one  of  the  nets.  The  850-mile  net  in  the  Rapid  City  area  provided  the  third 
line  of  position  and  supplied  additional  data  on  the  Narol  system  reliability  as  a  function 
of  range  and  yield. 

Mobile  units  were  engineered  and  tested  in  the  Albuquerque  area  and  then  moved  to 
the  field  sites  selected.  Logistically  feasible  field  site  locations  were  chosen  to  satisfy 
the  Narol  geometry  and  microwave-transmission  requirements.  The  Narol  geometry 
(see  Figure  2.2)  required  two  slave  stations  separated  by  about  100  miles,  such  that  a 
line  from  the  NTS  to  the  net  was  perpendicular  (±  30  degrees)  to  the  line  connecting  the 
two  slave  sites.  Maps  of  the  U.  S.  Geological  Survey  (1  to  24,000  scale)  covering  the 
general  area  were  analyzed  in  detail  for  technical  and  logistical  feasibility  before  initial 
selection  of  the  sites.  The  existence  of  the  line-of-sight  requirement  for  microwave 
transmission  was  determined  by  plotting  profile  charts  of  the  terrain  between  likely  sites. 
After  selection  of  specific  sites,  project  personnel  inspected  each  for  background  radio 
noise,  availability  of  power  and  telephone  lines,  and  accessibility.  The  line  of  sight  was 
checked  visually  to  preclude  errors  from  incorrect  contours  on  the  Survey  maps. 


2.2  INSTRUMENTATION 

The  system  was  engineered  on  the  basis  of  recording  and  automatically  processing 
film  for  all  electromagnetic  pulses  arriving  at  the  stations  with  a  field  strength  of  one 
half  volt  per  meter  or  greater.  At  the  Albuquerque  and  Vale  nets,  the  bomb  pulse  was 
about  one  half  volt  per  meter  for  6-kt  events,  and  at  the  Rapid  City  net,  about  one  half 
volt  per  meter  for  18— kt  events.  Because  the  equipment  exceeded  the  design  criteria, 
the  system  was  successfully  operated  on  all  events  from  which  the  electromagnetic  yield 
was  equal  to  or  greater  than  that  for  an  unshielded  0.1-kt  device. 

2.2.1  Equipment.  The  Narol  instrumentation  consisted  of  bomb-pulse  receiver  sys¬ 
tem  sTlnicTowave^IInk  systems,  timing  systems,  time-of-arrival  coincidence  systems, 
inter-net  area  gating  systems,  data-display  systems  and  automatic-processing  cameras 
(see  Figures  2.3  and  2.4). 

The  bomb-pulse  receiver  system  included  a  24-foot  whip  antenna,  a  laboratory-built 
cathode  follower,  a  laboratory-built  low-frequency  filter  with  a  bandpass  from  8  to  70  kc, 
and  a  Tektronix  preamplifier.  The  function  of  the  bomb-pulse  receiver  system  was  to 
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pick  up  the  bomb  pulse  to  be  fed  to  the  microwave  link  at  the  slave  stations,  and  to  trigger 
circuits  at  the  master  station  that  alerted  the  data-display  system  to  the  arrival  of  pulses 
from  the  slave  stations. 

The  microwave-link  system  included  a  Raytheon  KTR-1,000  microwave  transmitter, 
a  receiver,  and  antennas.  Its  function  was  to  transmit  the  bomb  pulses  from  the  slave 
stations  to  the  master  station  for  time-of-arrival  analysis. 

The  timing  system  included  a  General  Radio  frequency  standard,  a  WWV  receiver, 
and  a  laboratory-built  time-mark  generator.  Its  function  was  to  record  WWV  world  time 


and  generate  accurate  10-microsecond  time  pips  for  presentation  on  the  bomb-pulse  dis¬ 
play  scopes  for  time-of-arrival  measurement. 

The  time-of-arrival  coincidence  system  was  laboratory-built,  and  its  function  was 
to  mark  the  film  by  means  of  neon  lights  when  pulses  arrived  from  the  two  slave  stations 
with  relative  time-of-arrival  differences  that  indicated  they  arrived  from  a  hyperbolic 
sector  of  interest. 

The  area  gating  system  was  laboratory-built  and  served  to  alert  the  operators  to 
analyze  any  pulse  arriving  at  the  three  nets  which  originated  in  the  target  area. 

The  data-display  system  included  a  laboratory-built  dual-tube  oscilloscope  to  present 
the  two  slave- station  pulses  and  the  neon  lamps  that  presented  WWV  world  time,  time-of- 
arrival  coincidence,  and  area  gating  data  for  photography. 

The  automatic-processing  camera  was  laboratory  built  and  recorded  the  data  on  film, 
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processed  the  film,  and  projected  the  data  for  analysis.  It  was  capable  of  handling  film 
at  the  rate  of  20  ft/min. 

2.2.2  Area  Gating  System.  As  mentioned  previously,  the  area  gating  system  served 
to  alert  the  operators  to  analyze  any  pulse  arriving  at  the  three  nets  which  originated 
within  a  specific  target  area.  The  system  was  not  incorporated  into  the  equipment  until 
Shot  Smoky.  Previous  to  this  event,  it  had  been  hoped  that  a  field- strength-discrimination 
r^thodcould  be  used  to  isolate  the  bomb  pulse  from  lightning  transients.  When  it  was  de¬ 
termined  that  the  electromagnetic  yield  of  some  lightning  strokes  exceeded  that  of  megaton- 
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Figure  2.2  Narol  net  layout. 

range  detonations,  this  method  was  discarded  for  the  area  gating  system,  which  assists  in 
isolating  the  bomb  pulse  by  limiting  the  amount  of  data  that  have  to  be  analyzed. 

The  principal  components  of  the  system  are  illustrated  in  Figure  2.5,  along  with  the 
sequence  in  which  the  signals  that  trigger  the  thyratron  are  generated.  The  system  was 
located  at  the  master  station  of  each  net  and  consisted  of  two  trigger-generating  circuits, 
a  time-delay  circuit,  and  a  coincidence  thyratron.  The  area  gating  system  was  contained 
in  a  standard  19-by-24-by-21-inch  chassis  and  monitored  one  target  at  a  time.  Additional 
chassis  can  be  installed  to  monitor  more  than  one  target  at  a  time.  The  output  of  the 
thyratron  was  used  to  trigger  a  neon  light  on  the  data-display  oscilloscope  of  the  local  net, 
and  was  transmitted  over  telephone  lines  to  trigger  an  additional  neon  light  at  the  other 
nets  to  indicate  that  a  signal  of  interest  has  been  received  by  the  particular  local  net.  All 
pulses  arriving  at  each  net  were  recorded  on  the  display  scopes  of  the  net,  but  only  those 
pulses  marked  by  two  or  more  neon  lights  were  analyzed,  since  these  originated  within 
the  target  area  of  interest. 

The  functioning  of  the  system  was  based  on  the  fact  that  each  LOP  from  a  given  net 
represents  a  given  difference  in  time  of  arrival  of  a  pulse  at  the  slave  stations  of  that 
net.  Thus,  by  designing  the  triggering  circuits  and  time-delay  circuit  to  fire  the  thyratron 
when  the  difference  in  time  of  arrival  falls  between  certain  limits,  the  system  will  function 
only  on  pulses  originating  in  a  given  hyperbolic  sector. 

Assuming  that  (1)  a  pulse  originating  along  a  given  LOP  from  a  specific  target  of  in- 
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Figure  2.3  Master  station  block  diagram.  Equipment  above  broken  line  for  data  recording  and  analysis; 
equipment  below  line  for  test  and  calibration  measurements. 


Data 
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Figure  2.4  Slave  station  block  diagram.  Equipment  above  broken  line  used  for  pulse  reception  and  relay 
to  master  station;  equipment  below  broken  line  used  for  calibration  and  round  trip  delay  measurements. 


terest  arrives  at  Slave  A  at  a  time  X  microseconds  before  it  reaches  Slave  B,  (2)  the  sig¬ 
nals  transmitted  from  both  slaves  to  the  master  station  are  used  to  actuate  trigger  circuits, 
and  (3)  the  trigger  output  spike  associated  with  Slave  A  is  delayed  X  microseconds  so  as 
to  be  impressed  on  the  A  grid  of  a  coincidence  thyratron  at  the  same  time  the  trigger  spike 
associated  with  Slave  B  is  impressed  on  the  B  grid — then  the  thyratron  fires,  indicating 
arrival  of  a  pulse  along  the  given  LOP. 

By  making  the  output  of  the  B  trigger  a  20-microsecond  gate  instead  of  a  spike,  and 
by  further  adjustment  of  the  delay  circuit,  the  thyratron  will  fire  when  pulses  arrive  that 
originated  in  a  sector  bounded  by  two  LOP’ s  having  time  differences  of  arrival  of  (*+10) 
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TABLE  2.1  PLUMBBOB  NAROL  SYSTEM 


Net 

Distance  to  NTS 
naut  mi 

Station 

Albuquerque, 
New  Mexico 

540 

Master 

South  Slave 
North  Slave 

Vale, 

Oregon 

480 

Master 

West  Slave 
East  Slave 

Location  Latitude  Longitude 


Kirtland  A.  F.  Base 

34* 

581 

Socorro  Peak 

34* 

04 1 

Pena  Blanca 

35* 

42' 

Vale,  Oregon 

43* 

581 

Westfall,  Oregon 

44* 

011 

Pearl,  Idaho 

43* 

521 

03.0" 

N 

106* 

38' 

18.6" 

W 

22.4" 

N 

106* 

57' 

55.3" 

W 

42.9" 

N 

106* 

23' 

16.8" 

w 

50.0" 

N 

117* 

13' 

30.0" 

w 

40.0" 

N 

118* 

01' 

21.0" 

w 

10.0" 

N 

116’ 

19' 

50.0" 

w 

Rapid  City,  850 

South  Dakota 


Master  Rapid  City,  S.  D. 

N.  W.  Slave  Newell,  S.  D. 

S.  E.  Slave  Scenic,  S.  D. 


44*  06' 
44°  43' 
43°  41' 


47.0"  N 
39.0"  N 
56.0"  N 


103*  20' 
103*  19' 
102*  34' 


56.0"  W 
27.0"  W 
54.0"  W 


microseconds  and  (*-10)  microseconds.  Therefore,  the  area-gating  acceptance  angle  of 
a  given  net  is  determined  by  the  LOP’ s,  (*—10)  and  (*  +  10)  microseconds,  and  the  inter¬ 
section  of  the  boundary  LOP’ s  from  two  or  more  nets  establishes  the  area-gating  accept¬ 
ance  area  of  the  Narol  system. 

The  area-gating  acceptance  angle  for  the  Narol  system  used  on  Plumbbob  was  deter¬ 
mined  by  a  20-microsecond  gate.  This  established  boundary  LOP’ s  that  were  approxi¬ 
mately  20  miles  apart  in  the  vicinity  of  the  NTS.  The  acceptance  area  at  the  NTS  was 
thus  approximated  by  a  circle  about  each  specific  detonation  point  with  a  radius  of  10 
miles. 


2.2.3  Equipment  Operation  and  Calibration.  Each  master  station  was  connected  by 
microwave  links  to  slave  stations  30  to  60  miles  on  each  side.  The  three  nets  were  con¬ 
nected  by  telephone  coincidence  circuits  for  area-gating  analysis  and  isolation  of  bomb 
pulses. 

The  bomb  pulse  was  received  at  the  two  slave  stations  and  retransmitted  to  the  master 
station  by  standard  TV  microwave  transmitters  for  analysis.  At  the  master  station,  the 
direct  bomb  pulse  was  converted  into  a  trigger  and  fed  through  variable  delay  lines  to 
trigger  the  sweep  generators  of  the  dual  tube  scope.  The  trigger  delays  were  set  for  co¬ 
incidence  of  the  bomb  pulse  as  it  was  received  over  the  microwave  links  from  the  two 
slave  stations.  Round-trip  test  pulses  transmitted  from  the  master  station  were  used  to 
calibrate  waveform  distortions  through  the  two  slave  stations  and  variable  equipment 
delays. 

Times  of  arrival  of  the  bomb  pulse  at  the  two  slave  stations  were  used  to  determine 
the  LOP’ s.  The  siave-station  and  master-station  equipment  delay  plus  the  microwave 
delay  was  considered  to  be  the  total  bomb-pulse  delay  and  had  to  be  subtracted  from  the 
recorded  time  of  arrival  at  the  master  station  to  ascertain  relative  times  of  arrival  of  the 
bomb  pulse  at  the  slave  stations. 

An  additional  microwave  link  was  installed  at  the  master  station  to  measure  the 
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round-trip  time  of  a  simulated  bomb  pulse.  The  microwave  round-trip  time  was  the 
transit  time  of  a  test-pulse  signal  from  the  master  station  to  the  slave  station  and  return; 
one-half  of  the  microwave  round-trip  time  was  the  microwave  delay.  Total  bomb-pulse 
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Figure  2.5  Pulse-time  relationship. 

delay  included  (1)  one-way  transit  time  through  the  slave-station  receiver  and  filter  delay, 
(2)  slave-station  microwave-transmitter  delay,  (3)  propagation  time  from  slave  station 
to  master  station,  and  (4)  delay  through  the  master- station  microwave  receiver. 

Time  of  arrival  was  determined  as  follows: 

Microwave  propagation  time  =  x/2  J(measured  round-trip  time) 

—  (sum  of  individual  equipment  delay  times)j 

Microwave  link  delay  =  (microwave  propagation  time) 

+  (measured  equipment  delay  of  microwave  transmitter 
and  receiver) 

Total  bomb-pulse  delay  =  (microwave- link  bomb-pulse  delay) 

+  (bomb-pulse  receiver  and  filter  delay) 

Slave-station  time  of  arrival  =  (time  of  arrival  at  master  station) 

—  (total  bomb-pulse  delay) 

Time-of-ar rival  difference  =  (time  of  arrival,  slave- station  A) 

—  (time  of  arrival,  slave-station  B) 


2.3  DESCRIPTION  OF  REQUIRED  DATA 

The  bomb  pulses  were  received  at  the  slave  stations  and  transmitted  over  microwave 
links  to  the  master  station  for  oscilloscope  presentation.  Automatic-processing  cameras 
photographed  the  oscilloscope  data  for  bomb-pulse  time-of-arrival  analysis.  Auxiliary 
data  in  the  form  of  neon  lights  displayed  on  the  scopes  were  also  recorded  on  the  film. 
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These  data  included  world  time  and  inter-net  coincidence  marks  for  discrimination  against 
lightning  activity  close  to  one  net. 

Figure  2.6  illustrates  a  typical  film  record.  The  analysis  was  accomplished  as 


follows: 

A  bell  alerted  each  net  operator  when  the  area-gating 


circuits  indicated  receipt  of  a 


Figure  2.6  Typical  data- film  record.  Legend:  D,  and  G — scope 
traces  of  the  pulse  from  the  two  slave  stations  used  for  time-of- 
arrival  analysis;  (the  following  are  all  neon  lights  used  to  record 
the  data  noted):  A — recorded  dashes  at  the  rate  of  one  per  minute 
and  dots  at  rate  of  one  per  second  triggered  from  a  WWV- synchronized 
secondary  frequency  standard;  B — recorded  dashes  at  rate  of  0.1  per 
second  and  dots  at  the  rate  of  0.01  per  second;  C — recorded  sweep 
trigger  for  world-time  measurement  in  case  of  sweep  displacement 
on  oscilloscope;  E  —  recorded  arrival  of  pulses  from  local  preset 
hyperbolic  sector;  F — recorded  WWV  time  in  code;  H  and  I — re¬ 
corded  arrival  of  pulses  from  preset  hyperbolic  sectors  at  the  other 
two  nets  as  received  over  long-distance  telephone  lines. 


pulse  from  the  proper  area.  The  net  operators  then  measured  the  relative  time  of  arrival 
of  the  pulse  at  the  two  slave  stations.  Each  net  transmitted  by  telephone  the  relative  time 
of  arrival  in  microseconds  to  the  system  control  point  at  Kirtland  AFB.  The  differences 
in  time  of  arrival  were  plotted  on  Loran-type  time-of-arrival  maps  to  obtain  LOP  s  for 
determination  of  the  latitude  and  longitude  of  detonation.  The  wave  forms  D  and  G  were 
later  used  for  propagation  and  lightning-discrimination  studies. 
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Chapter  3 

RESULTS 


Because  of  the  shortage  of  engineering  personnel,  project  participation  did  not  commence 
at  the  start  of  the  operation.  The  Albuquerque  net  was  installed  and  operating  by  28  May 
1957  but  was  not  fully  calibrated  until  10  June.  The  Vale  net  was  operating  on  28  May 
and  calibrated  by  24  June,  and  the  Rapid  City  net  on  18  June  and  calibrated  by  19  July. 
Forty-three  LOP’ s  (from  a  possible  49)  were  obtained  with  the  three  nets  during  Plumbbob. 
Failure  to  obtain  the  other  six  possible  LOP’ s  was  caused  by  power  failures  at  the  remote 
slave  stations.  Since  the  power  required  at  the  slave  stations  was  low,  this  could  be  cor¬ 
rected  by  the  use  of  24-hour-capacity  storage-battery  packs  kept  charged  by  generators. 
None  of  the  electronic  equipment  failed,  and  the  unmanned  slave  stations  worked  properly 
throughout  the  operation.  The  project  installation,  maintenance,  and  operations  were  ac¬ 
complished  with  a  total  of  18  personnel. 

3.1  WORLD  TIME  OF  DETONATION 

Although  world  time  of  detonation  is  not  involved  in  determining  LOP’ s,  it  was  used 
for  after-the-fact  verification  that  the  bomb  pulse  was  properly  identified.  Table  3.1  gives 
the  detonation  times  measured  from  the  film  records  and  the  times  reported  by  the  Test 
Director  corrected  for  transmission.  Excluding  Shot  John  the  average  difference  between 
the  NTS  times  and  the  measured  Narol  times  was  about  six  milliseconds. 

3.2  NAROL  FIXES 

The  LOP’ s  were  measured  at  each  net  and  plotted  on  a  Narol  fix  map  (see  Figure 
3.1).  The  intersection  of  the  LOP’ s  determined  the  Narol  fix.  Figures  3.2  and  3.3  are 
prints  of  the  Albuquerque-net  Shot  Newton  film  and  are  representative  of  the  data  recorded 
at  each  net  for  all  events. 

Figure  3.2  is  a  print  of  the  300-microsecond  sweep  scope.  This  film  was  used  for 
identification  of  the  bomb  pulse  and  rough  measurement  of  relative  time  of  arrival  of  the 
pulse  at  the  master  station.  The  sweeps  on  the  two  oscilloscope  tubes  were  driven  by  a 
single  waveform  generator,  and  the  two  sweeps  start  at  identical  times.  The  relative 
time  of  arrival  of  the  recorded  signals  is  the  time  from  the  start  of  sweep  number  one  to 
the  pulse  minus  the  time  from  the  start  of  sweep  number  two  to  the  pulse. 

Figure  3.3  is  a  print  of  the  100-microsecond  sweep  scope.  This  film  was  used  for 
accurate  relative-time-of-ar rival  analysis.  Each  sweep  was  driven  by  separate  wave¬ 
form  generators.  The  waveform  generators  were  triggered  by  the  bomb  pulse  arriving 
directly  at  the  master  station,  with  appropriate  delays  to  center  the  signals  from  the  two 
slave  stations  on  the  sweep.  The  analysis  was  made  by  overlaying  the  two  slave  station  ; 
signals  so  that  points  at  one  half  the  maximum  amplitude  of  each  signal  were  matched. 

The  time  difference  between  the  10-microsecond  pips  on  the  two  sweeps,  plus  or  minus 
the  number  of  tens  of  microseconds  measured  on  the  300-microsecond  sweep  scope, 
gave  the  accurate  relative  time  of  arrival  of  the  pulse  at  the  master  station. 

The  relative  time  of  arrival  at  the  slave  stations  is  plotted  on  the  Narol  fix  map  in 
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Fieure  3.1  for  Shot  Newton.  The  difference  in  propagation  time  from  the  two  slave  sta¬ 
tions  to  the  master  station  (total  bomb-pulse  instrument  delay)  was  subtracted  from  the 
relative  time  of  arrival  of  the  slave  signals  at  the  master  station  before  plotting  the  LOP 

Table5 3.2  gives  the  LOP  errors  for  each  net  and  the  Narol  fix  errors  for  the  Plumbbob 


TABLE  3.1  WORLD  TIME  OF  DETONATION 

Differences  between  NTS  and  Narol  times  (except  for  Shot  John)  averaged  approximately  6  msec. 


Shot 

Date 

NTS  World  Time 

Narol  World  Time 

MST 

±0.01  MST 

Boltzmann 

28  May  1957 

0455:00.166 

0455:00.155 

Franklin 

2  June 

0454:59.955 

0454:59.950 

Lassen 

5  June 

0334:03. 

Not  Received 

Wilson 

18  June 

0445:00.295 

0445:00.29 

Priscilla 

24  June 

0630:00.133 

0630:00.13 

Hood 

5  July 

0440:00.074 

0440:00.065 

Diablo 

15  July 

0430:00.068 

Shielded  ‘ 

John 

19  July 

0700:04.611  ±0.5 

0700:04.642 

Kepler 

24  July 

0449:59.932 

Shielded 

Owens 

25  July 

0629:59.697 

0629:59.685 

Stokes 

7  August 

0525:00.182 

0525:00.175 

Shasta 

18  August 

0459:59.994 

Shielded 

Doppler 

23  August 

0530:00.105 

0530:00.10 

Franklin' 

30  August 

0539:59.865 

0539:59.86 

Smoky 

31  August 

0529:59.995 

0529:59.998 

Galileo 

2  September 

0540:00.038 

0540:00.040 

Wheeler 

6  September 

0544:59.990 

0544:59.995 

LaPlace 

8  September 

0559:59.798 

0559:59.79 

Fizeau 

14  September 

0944:59.848 

0944:59.850 

Newton 

16  September 

0549:59.868 

0549:59.869 

Charleston 

28  September 

0559:59.953 

0559:59.955 

Morgan 

7  October 

0600:0*064 

0600:00.070 

OO 


TABLE  3.2 


Shot 

Boltzmann 

Franklin 

Wilson 

Priscilla 

Hood 

John 

Owens 

Stokes 

Doppler 

Franklin11 

Smoky 

Galileo 

Wheeler 

LaPlace 

Fizeau 

Newton 

Charleston 

Morgan 

Average 


NAROL  LOP’S  AND  FIXES  (NAUTICAL  MILES) 


LOP  Error 


LOP  Error 
Vale 


LOP  Error 
Rapid  City 


2-LOP 
Fix  Error 


3-LOP 
Fix  Error 


1.0  N 

* 

t 

— 

— 

2.3  N 

* 

t 

— 

— 

0.35  N 

0 

* 

0.35  N 

— 

0.4  N 

0.2  E 

0.1  s 

— 

0.3  £ 

* 

* 

0.2  S 

— 

— 

0.5  N 

0 

0.1  S 

— 

0.3  N 

1.1  S 

0 

0.2  N 

— 

0.7  S 

* 

* 

0.3  N 

— 

— 

* 

0.3  W 

2.4  S 

2.85  S 

— 

* 

0.2  E 

0.4  S 

0.4  S 

— 

0.7  S 

0.7  W 

0.4  SE 

— 

1.0  SW 

0.1  S 

1.8  E 

0.7  N 

— 

1.0  NE 

0.6  S 

0.3  E 

0.4  S 

— 

0.6  S 

0.6  S 

0.4  W 

0.9  S 

— 

0.9  S 

0.5  N 

0.2  W 

0.4  N 

— 

0.5  N 

0 

0.5  W 

0.7  S 

— 

0.4  S 

0.1  S 

0.1  W 

0.8  N 

— 

0.5  NW 

0.2  S 

0.2  E 

1.0  SE 

— 

0.7  SE 

0.6 

0.35 

0.6 

1.2 

0.8 

*  Power  failure  at  slave  station, 
t  Station  installation  incomplete. 

shots.  The  LOP  error  is  the  perpendicular  distance  from  the  LOP  to  the  actual  detona¬ 
tion  point,  and  the  3-LOP  fix  error  is  the  distance  from  the  center  of  the  triangle  formed 
by  the  three  LOP’ s  to  the  actual  detonation  point.  The  directions  indicated  after  the  errors 
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in  the  Table  are  the  directions  from  the  detonation  points  to  the  LOP’ s  or  fixes.  Narol 
fix  maps  for  each  of  the  Plumbbob  events  appear  in  Appendix  A. 

3.3  FIELD-STRENGTH  CHARACTERISTICS 

The  peak  field-strength  measurements  were  based  on  standard  25-foot  vertical  whip 
antennas.  The  antenna  effective  heights  were  measured  by  a  URM-6  field- strength  meter 
at  each  net.  Although  the  relative  values  at  each  station  were  accurate  to  within  20  per- 

TABLE  3.3  GROUND  AND  SKY  WAVE  FIELD  STRENGTHS 


All  field  strengths  are  in  volts/meter.  GW,  ground  wave;  SW,  sky  wave. 


Event 

Yield 

kt 

Albuquerque,  N.  M. 

Vale,  Oregon 

Rapid  City, 

So.  D; 

akota 

Socorro 

Pena  Blanca 

Pearl 

GW  SW 

Westfall 

Newell 

Scenic 

GW 

SW 

GW 

SW 

GW 

SW 

GW 

SW 

GW 

SW 

Boltzmann 

11.5 

* 

* 

0.7 

1.0 

t 

t 

X 

f 

§ 

§ 

§ 

§ 

Franklin 

0.138 

0.15 

0.18 

0.17 

0.18 

t 

t 

X 

X 

§ 

§ 

§ 

5 

Wilson 

10.0 

1.0 

1.3 

0.6 

1.0 

t 

t 

t 

t 

0.3 

1.0 

X 

X 

Priscilla 

38.0 

1.2 

1.2 

0.81 

2.0 

1.39 

2.13 

1.32 

2.18 

0.4 

1.1 

0.3 

0.80 

Hood 

77  • 

0.65 

1.0 

X 

X 

1.3 

t 

X 

X 

0.5 

1.2 

0.5 

1.2 

John 

1.7 

0.09 

0.16 

0.08 

0.13 

0.16 

0.20 

0.16 

0.20 

0.02 

0.05 

0.01 

0.02 

Owens 

9.2 

t 

t 

1.2 

1.9 

t 

t 

1.2 

t 

0.3 

0.7 

0.2 

1.0 

Stokes 

18.5 

1.0 

1.3 

X 

X 

1.15 

1.72 

X 

X 

0.4 

1.0 

0.3 

0.8 

Doppler 

10.5 

7 

If 

X 

X 

1.42 

t 

t 

t 

0.33 

t 

0.36 

0.63 

Franklin f 

2.0 

0.41 

0.64 

X 

X 

1.45 

1.28 

1.28 

1.90 

0.22 

0.85 

0.40 

1.06 

Smoky 

45 

1.42 

t 

1.22 

2.54 

7 

7 

1.59 

2.44 

0.48 

1.59 

0.57 

1.67 

Galileo 

11 

1.08 

t 

1.36 

t 

1.54 

2.45 

1.76 

1.80 

0.50 

t 

0.50 

t 

Wheeler 

0.7 

0.35 

0.34 

0.25 

0.28 

0.48 

0.68 

0.46 

0.58 

0.06 

0.19 

0.11 

0.3 

LaPlace 

0.2 

0.55 

0.76 

0.40 

0.48 

0.75 

0.9 

0.89 

0.96 

0.21 

0.68 

0.20 

0.6 

Fizeau 

10 

0.89 

3.3 

1.43 

1.88 

1.6 

2.51 

1.2 

1.93 

0.18 

t 

0.43 

t 

Newton 

12 

1.2 

3.24 

0.54 

1.43 

1.5 

2.63 

1.39 

2.44 

0.3 

1.4 

0.43 

1.73 

Charleston 

11 

1.51 

3.19 

1.2 

2.74 

1.55 

3.01 

1.45 

2.07 

0.59 

1.91 

0.53 

1.01 

Morgan 

75 

1.25 

3.04 

1.52 

3.04 

0.99 

1.73 

1.39 

2.23 

0.3 

1.04 

7 

7 

*  Microwave  distortion, 
t  Off  scale. 

%  Power  failure  at  slave  station. 
§  Station  installation  incomplete. 
7  Loss  of  calibration  signal. 


cent,  the  signal  strength  was  affected  by  the  local  environment,  and  absolute  field  strengths 
at  each  station  could  be  in  error  by  a  factor  of  two.  The  results  of  the  field- strength  meas¬ 
urements  are  shown  in  Table  3.3. 

A  secondary  purpose  of  the  Narol  IBDA  system  is  yield  determination.  Figure  3.4  is 
a  plot  of  the  yield  versus  the  field  strength  of  the  bomb-pulse  ground  wave  and  the  peak 
amplitude  of  the  sky  wave  for  each  net.  Figures  3.5  through  3.10  show  the  scatter  of 
points  from  the  curves  of  individual  yield  versus  field  strength  in  Figure  3.4  and  indicate 
that  detonation  yield  can  be  determined  to  within  a  factor  of  about  ten  by  correlation  with 
field  strength. 


3.4  WAVEFORM  CHARACTERISTICS 


The  recorded  waveforms  from  the  various  events  were  not  identical.  Figure  3.11 
shows  that  different  events  detonated  at  the  same  test  area  under  very-similar  conditions 
with  nearly  equal  yields  have  dissimilarities  in  waveform.  Appendix  B  contains  the  wave 
forms  of  all  the  Plumbbob  events  for  each  net.  A  relationship  exists  between  frequency 
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components  in  the  ground-wave  pulse  and  the  yield,  as  shown  in  Figure  3.13,  which  plots 
the  duration  of  the  first  half-cycle  as  a  function  of  yield. 


3.5  LIGHTNING  PULSE  CHARACTERISTICS 

The  first  requirement  of  an  operational  Narol  system  is  that  it  be  able  to  isolate  the 
bomb  pulse  for  analysis.  As  discussed  in  Section  1.3.4,  the  bomb  pulse  is  easily  con- 


TABLE  3.4  ELECTRONIC  AREA  GATING  PERFORMANCE 


Shot 

Smoky 

Galileo 

Wheeler 

Laplace 

Fizeau 

Newton 

Charleston 

Morgan 

Area  Gating  Operation;  num¬ 
ber  of  nets  recording  coinci¬ 
dence  on  Albuquerque  film 

3 

2 

* 

2 

3 

3 

3 

2 

Albuquerque  Local  Hyper¬ 
bolic  Sector  Mark 

Spurious  marks, 
rate  per  second 

0.05 

0.55 

0.1 

0.01 

0.01 

0.01 

0.01 

t 

Occurrence  of 
event  mark 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yea 

t 

Vale  Local  Hyperbolic 

Sector  Mark 

Spurious  marks, 
rate  per  second 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

Occurrence  of 
event  mark 

Yes 

Yes 

Yes 

Yea 

Yes 

Yes 

Yes 

Yes 

Rapid  City  Local  Hyper¬ 
bolic  Sector  Mark 

Spurious  marks, 
rate  per  second 

0.01 

0.01 

0.8 

0.08 

0.01 

0.01 

0.01 

0.01 

Occurrence  of 
event  mark 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Reception  of  Telephone 

Pulse  at  Albuquerque 

Albuquerque  pulse 

Yes 

Yes 

* 

Yes 

Yes 

Yes 

Yes 

— 

Vale  pulse 

Yes 

No 

* 

No 

Yes 

Yes 

Yea 

Yes 

Rapid  City  pulse 

Yes 

Yes 

* 

Yea 

Yes 

Yes 

Yes 

Yes 

*  Telephone  receiving  circuits  not  operating, 
t  Site  deactivation. 


fused  with  lightning  transients.  The  Plumbbob  Narol  system  was  used  to  determine  fixes 
on  a  large  number  of  lightning  transients.  The  recorded  wave  forms  were  analyzed  for 
lightning-pulse  characteristics  as  a  function  of  range.  Figure  3.12  illustrates  the  Narol  - 
fix  map  used  to  determine  the  position  of  individual  lightning  strokes. 

Figures  3.14  and  3.15  show  the  distribution  of  ground- wave  and  sky-wave  lightning- 
pulse  field  strengths  as  a  function  of  distance.  Superimposed  on  the  Figures  are  the 
curves  of  ground-wave  and  sky-wave  field  strength  versus  distance  for  1-megaton  and 
1-kiloton  bomb  pulses  (see  Figure  1.4).  Figures  3.14  and  3.15  indicate  that  the  electro¬ 
magnetic  yields  of  lightning  transients  vary  over  a  range  equivalent  to  that  existing  be¬ 
tween  a  1-megaton  and  a  l-kiloton  yield  and  cannot  be  used  as  a  means  of  discrimination. 

Figure  3.16  shows  the  waveform  of  four  lightning  transients  recorded  on  one  film 
from  the  Rapid  City  net  with  ground-wave  field  strengths  and  ranges  that  are  about  the 
same  as  the  bomb  pulses  of  Figure  3.11.  Comparison  of  the  two  Figures  indicates  that 
the  lightning  pulses  were  similar  at  their  source,  and  that  the  variations  between  the 

Text  continued  on  Page  41. 
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Figure  3.1  Representative  Narol  fix  map,  Shot  Newton. 
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arrival  of  pulses  from  local  preset  hyperbolic  sector;  H,  I — recorded  arrival  of 
pulses  from  preset  hyperbolic  sectors  at  the  other  two  nets  as  received  over  long¬ 
distance  telephone  lines. 
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Yield ,  kt  0.1  l  10  too 

Yield ,  kt 

Figure  3.6  Rapid  City  net  ground  wave  field  strength  versus  yield.  Figure  3.7  Albuquerque  sky  wave  field  strength  versus  yield. 
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Figure  3.8  Albuquerque  net  ground  wave  field  strength  versus  yield.  Figure  3.9  Vale  net  sky  wave  field  strength  versus  yield 


Time  Scale 


amplitude  of  the  first  half-cycle  equals  1  centimeter 


Illustration  of  Narol  map  used  to  locate  source  of  lightning.  L:  representative  lightning  fix;  world 
■  1957.  1516:28.00;  fix  coordinates:  latitude,  35°  48*  N,  longitude,  115°  12f  W;  size  of  fix  triangle: 


J3(3VM/S1|0A  ‘LH6uaHS  PI3!J  'l°9d 
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Figure  3.14  Lightning  ground-wave  amplitude  versus  distance;  Figure  3.15  Lightning  sky-wave  amplitude  versus  distance; 

215  three-station  fixes.  215  three-station  fixes. 


Percent  of  Total  Occurren 


Figure  3.16  Lightning  waveforms.  Rapid  City,  9  August  1957. 
Distances  measured  from  Rapid  City;  times  in  GMT.  Amplitudes 
approximately  equal  to  10-kt  bomb  pulse  normalized;  first  nega¬ 
tive  pulse  equals  1  centimeter. 


Period  ,  /tsec 

Figure  3.17  Distribution  of  first  half  cycle  periods.  Six  days 
lightning  data;  total  analyzed  time:  13  minutes- 
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bomb-  and  lightning-pulse  wave  structures  were  caused  primarily  by  intermixing  of  the 
sky-wave  components  and  not  by  the  ground  wave.  At  ranges  greater  than  1,500  miles, 
the  ground-wave  portion  of  the  pulse  would  have  been  completely  attenuated,  and  the 
pulse  structure  would  have  been  determined  entirely  by  the  mixing  of  the  sty-wave  modes. 
From  Figure  3.17,  the  first  ground-wave  half-cycle  of  the  recorded  lightning  pulses 
varied  considerably  and  thus  provided  no  basis  for  discrimination  from  bomb  pulses. 

All  these  data  indicate  that  there  is  no  consistent  pattern  peculiar  to  the  wave  forms, 
field  strengths,  or  pulse  durations  of  the  lightning  pulses  that  would  distinguish  them 
from  bomb  pulses. 


3.6  AREA-GATING  DISCRIMINATION 

Due  to  the  impossibility  of  pulse-characteristic  discrimination,  the  area-gating 
system  described  in  Section  2.2.2  was  installed  and  operated,  starting  with  Shot  Smoky. 
Although  the  area-gating  equipment  was  built  in  the  field  and  installed  late  in  the  operation, 
double-net  coincidences  were  recorded  on  the  Albuquerque  film  for  seven  of  seven  possible 
events,  and  triple-net  coincidences  were  recorded  on  four  of  six  possible  events.  Table 
3.4  gives  the  breakdown  of  the  area-gating  performance  during  Operation  Plumbbob.  This 
data  indicates  that  the  area  gating  system  correctly  marked  the  proper  pulse  for  analysis 
on  each  event  with  a  very-low  false-alarm  rate. 
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Chapter  4 

CONCLUSIONS  and  RECOMMENDATIONS 

4.1  BOMB-PULSE  ISOLATION 

The  ideal  method  of  bomb-pulse  identification  would  be  by  electronic  means  dependent 
on  the  waveform,  source  field  strength,  or  pulse  duration.  This  would  require  no  prior 
knowledge  of  time  or  position  of  the  detonation.  However ,  the  Plumbbob  lightning  studies 
indicate  that  there  is  little  chance  of  finding  any  positive,  distinguishing  characteristics 
of  the  bomb  pulse  for  either  human  or  electronic  identification. 

In  the  absence  of  identification  by  the  nature  of  the  received  pulse,  the  position  or 
time  of  detonation  can  be  used  as  an  aid  to  bomb-pulse  identification.  Both  of  these 
methods  require  advance  knowledge  of  the  plans  for  use  of  the  nuclear  weapons.  Since 
the  rate  of  lightning-transient  arrivals  is  high,  identification  by  time  alone  would  require 
knowledge  of  world  time  of  detonation  to  within  milliseconds.  With  prior  knowledge  of 
specific  targets,  the  approximate  position  of  the  detonation  can  be  used  to  assist  in  bomb- 
pulse  isolation  by  means  of  the  area  gating  system.  The  reliability  of  area-gating  identi¬ 
fication  depends  on  the  degree  of  probability  that  any  pulse  arriving  from  the  target  area 
would  be  from  a  nuclear  detonation.  The  area-gating  reliability  increases  when  strike¬ 
time  uncertainties  are  small. 


4.2  OPERATIONAL  SYSTEM 

The  preferred  system  for  SAC,  TAC,  and  ADC  would  be  capable  of  sustained  moni¬ 
toring  of  large  areas  without  access  to  war  plans  for  bomb-pulse  identification.  At  the 
present  time  it  seems  that  this  objective  is  not  possible.  Therefore,  there  is  no  possi¬ 
bility  of  an  operational  system  to  satisfy  the  needs  of  ADC,  where  the  position  and  time 
of  enemy  strikes  in  the  United  States  would  not  be  known.  With  the  incorporation  of  area 
gating,  the  Narol  system  is  capable  of  monitoring  pre-selected  targets  in  enemy  territory 
and  transmitting  to  the  interested  commands  within  fifteen  minutes  the  information  that  an 
electromagnetic  pulse  originated  at  a  particular  point  in  the  vicinity  of  one  or  more  of 
these  targets.  Generally  the  chance  of  this  electromagnetic  pulse  being  the  result  of  a 
lightning  stroke  appears  to  be  remote;  however,  repeated  lightning  strokes  from  the  tar¬ 
get  area  combined  with  meteorological  forecasts  should  give  a  high  degree  of  reliability 
in  differentiating  between  lightning  transients  and  the  bomb  pulse.  Approximately  five 
minutes  are  required  to  set  up  the  area  gating  for  any  specific  target  area.  Although  the 
SAC  war  plans  are  highly  classified  and  could  not  be  kept  at  operational  Narol  sites,  it 
seems  that  the  strike  plans  could  be  transmitted  to  the  sites  about  five  minutes  before 
the  earliest  expected  bomb  release  to  enable  area-gating  adjustment  for  the  selected  tar¬ 
gets.  The  system  would  be  particularly  useful  for  guided  missiles  where  the  time  of  det¬ 
onation  and  position  of  the  target  is  known  at  missile-release  time. 
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APPENDIX  A  NAROL  FIX  MAPS 
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ICROSECONDS  RELATIVE  TO  A  IN  MICRQSECOI 
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Figure  A. 7  Shot  Owens.  Figure  A. 8  Shot  Stokes 
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Shot  Franklin 
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Wheeler.  Figure  A.  14  Shot  LaPlace 
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Figure  A.  16  Shot  Newton, 
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Charleston, 


Figure  B.5 


Shot  Franklin. 


Figure  B.14  Shot  Newton. 


Albuq.  Net 


Shot  Charleston.  Figure  B.16  Shot  Morgan. 
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Figure  C.2  Cathode  follower  (top)  and  power  supply  (bottom); 
(see  Block  Ml,  Figure  C.l). 
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;a  trigger 


[gure  C.4  Dual  tube  oscilloscope  block  diagram. 


continued.  Dual  tube  oscilloscope,  vertical  amplifier  No.  1  (No.  2  similar). 
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continued.  Dual  oscilloscope,  horizontal  amplifier  No.  1  (  No.  2  identical). 
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Figure  C.4  continued.  Dual  tube  oscilloscope,  CRT  tube  circuits  and  power  supply  requirements. 
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Transmitter,  slave  station,  remote  control  (see  B: 
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Block  No. 

Equipment 

Figure  No. 

S  1 

Cathode  follower 

C.2 

S  2 

Raytheon  Mfg.  Co.  KTR  1000A  (R)  transmitter 

S  3 

Raytheon  Mfg.  Co.  KTR  receiver 

S  4 

Relay  control  circuits 

C.ll 

S  5 

Hewelet  Packard  650A  test  oscillator 

Figure  C.10  Slave  station  block  diagram.  Equipment  above  broken  line  for  pulse  reception  and  relay  to 
master  station.  Equipment  below  broken  line  used  for  calibration  and  round  trip  measurements. 
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station,  remote  control  (see  B] 
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ington  25,  D.C.  ATTN:  (0IN) 

117  Commanding  General,  Fleet  Marine  Force,  Pacific,  Fleet 
Post  Office,  San  Francisco,  Calif.  ,s 
113  Commander-In-Chief  Pacific,  Pearl  Harbor,  TH 
119  Commander,  Norfolk  Naval  Shipyard,  Portsmouth  8,  Va. 

ATTN:  Code  270 

120-124  Technical  Information  Service  Extension,  Oak  Ridge,  Tenn. 
(Surplus) 

AIR  FORCE  ACTIVITIES 

125  Asst,  for  Atomic  Energy  Headquarters,  USAF,  Washing¬ 

ton  25,  D.C.  ATTN:  DCS/0 

126  Asst,  for  Development  Planning,  Headquarters,  USAF, 

Washington  25,  D.C. 

127  Deputy  for  Materiel  Atomic  Energy  Control,  Asst,  for 

Materiel  Program  Control,  DCS/M,  Headquarters,  USAF, 
Washington  25,  D.  C.  ATTN:  AFMPC-A2 

128  Director  of  Operations,  Headquarters,  USAF,  Washington 

25,  D.C.  ATTN:  Operations  Analysis 

129  Director  of  Operations,  Headquarters,  USAF,  Washington 

25,  D.C. 

130  Director  of  Plans,  Headquarters,  USAF,  Washington  25, 

D.C.  ATTN:  War  Plans  Div. 


137  Commander,  497th  Reconnaissance  Technical  Squadron  ] 

(Augmented),  APO  633/  New  York,  N.Y. 

138  Commander,  Far  East  Air  Forces,  APO  925/  San  Francisco,  ' 

Calif.  ATTN:  Special  Asst,  for  Damage  Control 
139-140  Commander,  Alaskan  Air  Command,  APO  942,  Seattle,  Wash,  j 
ATTN :  AAOTN 

141  Commander,  Northeast  Air  Command,  APO  862,  New  York, 

N.Y. 

142  Commander -in-Chief,  Strategic  Air  Command,  Offutt  Air 

Force  Base,  Omaha,  Nebraska.  ATTN:  CtAWS 

143  Commander,  Tactical  Air  Command,  Langley  AFB,  Va. 

ATTN:  Documents  Security  Branch 

144  Commander,  Air  Defense  Command,  Eat  AF3,  Colo. 

145-11+6  Research  Directorate,  Headquarters,  Air  Force  Special 

Weapons  Center,  Kirtland  Air  Force  Base,  New  Mexico, 
ATTN:  3 last  Effects  Res. 

147  Commander,  Air  Materiel  Command,  Wright -Patterson 

AFB,  Dayton,  0.  ATTN:  MCSW 

148  Director  of  Installations,  DCS/0,  Headquarters,  USAF, 

Washington  25,  D.C.  ATTN:  AFCIE-E 

149  Commander,  Air  Research  and  Development  Command, 

Andrews  Air  Force  Base,  Washington  25,  D.C.  ATTN:  HDDN 

150  Commander,  Air  Proving  Ground  Command,  E&lin  AFB,  Fla. 

ATTN:  Ad J. /Tech.  Report  Branch 

151-152  Director,  Air  University  Library,  Maxwell  AF3,  Ala. 
153-160  Commander,  Flying  Training  Air  Force,  Waco,  Tex. 

ATTN:  Director  of  Observer  Training 
l6l  Commander,  Crew  Training  Air  Force,  Randolph  Field, 

Tex.  ATTN:  2GTS,  DCS/o 

162-163  Commandant,  Air  Force  School  of  Aviation  Medicine, 
Randolph  AFB,  Tex. 

164  Commander,  Wright  Air  Development  Center,  Wright- 
Patterson  AFB,  Dayton,  0.  ATTN:  WCOSI 
165-166  Commander,  Air  Force  Cambridge  Research  Center,  LG 
Hans com  Field,  Bedford,  Ma3a.  ATTN:  CRQST-2 
167-169  Commander,  Air  Force  Special  Weapons  Center,  Eirtland 
AFB,  N.  Mex,  ATTN:  Library 

170  Commander,  Lowry  AFB,  Denver,  Colo.  ATTN:  Department 

of  Special  Weapons  Training 

171  Commander,  1009th  Special  Weapons  Squadron,  Head¬ 

quarters,  USAF,  Washington  25/  D.C. 

172-173  The  RAND  Corporation,  1?00  Main  Street,  Santa  Monica, 
Calif.  ATTN:  Nuclear  Energy  Division 

174  Commander,  Second  Air  Force,  Barksdale  AFB,  Louisiana. 

ATTN:  Operations  Analysis  Office 

175  Commander,  Eighth  Air  Force,  Westover  AFB,  Mass.  ATTN: 

Operations  Analysis  Office 

176  Commander,  Fifteenth  Air  Force,  March  AFB,  Calif. 

ATTN:  Operations  Analysis  Office 

177  Commander,  Western  Development  Div.  (ARDC),  PO  Box  262, 

Inglewood,  Calif.  ATTN:  WDSIT,  Mr.  R.  G.  Weitz 
I78-I82  Technical  Information  Service  Extension,  Oak  Ridge, 

Tenn.  (Surplus) 


OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIES 


183  Executive  Secretary,  Joint  Chiefs  of  Staff,  Washington 
25,  D.C. 

184-185  Asst.  Secretary  of  Defense,  Research  and  Engineering, 
D/D,  Washington  25,  D.C.  ATTN:  Tech.  Library 

186  U.S.  Documents  Officer,  Office  of  the  U.S.  National 

Military  Representative,  SHAPE,  APO  55/  New  York, 
N.Y. 

187  Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm 

2S1006,  Pentagon,  Washington  25,  D.C. 

188  Asst,  for  Civil  Defense,  OSD,  Washington  25/  D.C. 

189  Chairman,  Armed  Services  Explosives  Safety  Board,  D/D, 

Building  T-7,  Gravelly  Point,  Washington  25,  D.C. 

190  Executive  Secretary,  Military  Liaison  Committee,  PO 

Box  1814,  Washington  25,  D.C. 

191  Commandant,  National  War  College,  Washington  25,  D.C. 

ATTN:  Classified  Records  Library 

192  Commandant,  Armed  Forces  Staff  College,  Norfolk  11, 

Va.  ATTN:  Secretary 

193  Commandant,  Industrial  College  of  the  Armed  Forces, 


131  Director  of  Requirements,  Headquarters,  USA: , 

Washington  25,  D.C.  ATTN:  AFDRQ-SA/M 

132  Director  of  Research  and  Development,  DCS/D,  Head¬ 
quarters,  USAF,  Washington  25,  D.C.  ATTN:  Combat 
Components  Div. 

133-134  Director  of  Intelligence,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.C.  ATTN:  AF0IN-I32 

135  The  Surgeon  General,  Headquarters,  USAF,  Washington  25, 

D.C.  ATTN:  3io.  Def.  3r.,  ?re.  Med.  Div. 

136  Asst.  Chief  of  Staff,  Intelligence,  Headquarters ,  U.S. 

Air  Force 3 -Europe,  APO  633,  New  York,  N.Y.  ATTN: 
Directorate  of  Air  Targets 


194 

195 

196-200 

201-211 


Ft.  Lesley  J.  McNair,  Washington  25,  D.C. 

Commander,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  PO  Box  5100,  Albuquerque,  N.  Mex. 
Commander,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  ?0  Box  5100,  Albuquerque,  N.  Mex. 
ATTN:  Technical  Training  Group  , 

Commander,  Field  Command,  Armed  Forces  Special 

Weapons  Project,  P.O.  3ox  5100,  Albuquerque,  N.  Mex. 
ATTN:  Deputy  Chief  of  Staff,  Weapons  Effects. Test 
Chief,  Armed  Forces  Special  Weapons  Project,  Washington 
25>  D.C.  ATTN:  Documents  Library  Branch 


UNCLASSIFIED 


UNCLASSiih 


Commanding  General,  Military  District  of  Washington, 

Boon  15*3,  Building  T-7,  Gravelly  Point,  Va. 

Technical  Information  Service  Extension,  Oak  Bidge,  Tenn. 
( Surplus ) 

ATOMIC  ENERGY  COMMISSION  ACTIVITIES 

U.S.  Atomic  Energy  Commission,  Classified  Technical 
Library,  Washington  25,  D.C.  ATTN:  Mrs.  J .  M.  O'Leary 
(Eor  DMA) 


223-227 


228-230 


232-2UO 


Loe  Alamos  Scientific  Laboratory,  Beport  Library,  PO 
Box  1663,  Los  Alamos,  N.  Max.  ATTN:  nelen  Redman 
Sandia  Corporation,  Classified  Document  Division, 
Sandia  3ase,  Albuquerque,  N.  Max.  ATTN:  H.  J. 

Smyth,  Jr. 

University  of  California  Radiation  Laboratory,  PO  Box 
808,  Livermore,  Calif.  ATTN:  Clovis  G.  Craig 
Weapon  Data  Section,  Technical  Information  Service  Ex¬ 
tension,  Oak  Ridge,  Tenn. 

Technical  Information  Service  Extension,  Oak  Ridge,  Te 
( Surplus ) 


UNCLASSIFIED 


